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AND OTHER LOW-DENSITY MATERIALS

By Benjamin M, Axilrod and Evelyn Koenig
‘SUMMARY

Various meéthanical and physical properties of severdl  “"
expanded plastics and other low-density materials of inhtdr&st”
for aircraft applications, such as heat insulation or 'the -
core of a sandwicH material, were investigated. The materials
included in thé& pProgrdm were ceéllulose acetate plastile, pdly-
styrene, a urea-formaldekiyde reein, a zein product, hard ruab-=
ber,  balea wood, ahd ée€lluler glass. The properties studied
included density, “thermal conductivisy, dimensional stability
on-exposure té .extremes§' of temperaturé and relative humidity,
resistance of fthe datérials to chemicals, and flexural and .
compressive strengths and moduli of elasticitwv.’ .

'The ‘dedsfty 6 the polystyrene expanded material was a ..
fourth ufea-férmaldehyde one-half, and "hédrd rubber and cel-h.
luloee acetdtée about the same as that of the low—dene{ty ;.;2
balssa, :0.08 grem “per cubdic centimeter.‘ The other materiale
had‘greater deﬁs{tles than balsa. :;"'_ T

it ..n-." - k!

1_1 .o-
L4

._a';

The har&' ubber had the lowest fhermal conductivity ot
the-materdials tested and eompared faverably with commercial
insulating materials. LT
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The €lass and polystyrene expanded materials exhibited
the smallest changes in weight and in dimensions on exposure
to extremes of temperature and relative humiET_y Only the =
glass material 'remained unaffected after 7: months' outdoor
exposiure. The least dimensional and percentage weight changee
on immersion in various chemicals and after drying were ‘exhib-
ited by the glase product and hard rubber 1n that order.

Y . -

Belsa was greatly stperior to- the other miberidls in ¥

modulus of rupture in bending:'and in flexiral modulus of

]
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of elasticity. The hard rubber had-the highest modulus of
rupture and flexural modulus of elasticity of the expanded
organic materials. On & stiffness-welght basis, the flex-
ural properties of the polystyrene approached those for the
balsa. Balsa was much supsrior to the other materials in
compressive properties. '

INTRODUCTION

N

- Recently, various expanded plastics of low-density and
porous structure have been developed, Some informatior on
the mechanlcal propertlies of four such materials, cellular
cellulose acetate, calecium alginate, and two other materials
believed to be natural or synthetlec sponge hard rubber, has
been reported. (See reference l,) As the density and cell
structure can be varied in these expanded materials, they
seem promising for several applications in the field of alr-
craft construction. They may have low enough thermal conduc-
tivities to make them useful for heat insulation. If their
strength-~denslity properties are reasonadbly good, the expanded
products may find applicatlion in the core of a sandwich ‘matg-
rial 'havilng high-strength, high+deénsity faces, In this con-
nection: 1% 1s worth noting that balsa wood is being used suc~
cesgfully as a core material in the structure of the Mosquito
bomber. (Ses reference 2.)

The. purpose of thils investigation was to obtain informa-
tion regarding the properties of several types of expanded .
materials ‘which are available from commercial sources. . .With i -
this. 1nformation it should -be posgsible to selact materials.;{
for apecific apprlicatione. The properties investigated were
denslty, thermal conductivity, dimensional stability on ex-
posure to extremes of temperature and relative humidity,
resistance of the materials to water, lubricating oil, gaso~
line and other chemicals, and flexural and compressive
strengths and moduli of elasticity.

The expanded plastics included in this investigation
were cellulose acetate, polystyrene, a urea-formaldehyde
resin, and & zein (protein) base produat. Other materials
studlied were. a cellular ‘hard, rubber, belsa wood, and a cel-
lular glasse. ; : . -

This 1nvestigation; cbnductéd at the Natlional Bureau of
Standards, was sponsored by and conducted with the financiel
esslistance of the National Advisory Committee for Aeronautics.
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The materials tested and thelir description, including
some date from the manufacturer,.were as follows:

(a) The cellulose acetate expanded plastic was furnished
in sheets 0.5 inch thick with ¢ylindrical cellsg oriented per-
pendicularly to the plane of.the sheet, Thieimaterial, sup-
plied by B. I. du Pont de Nemours ,and. Company, was "formed
by firet mixing cellulose. acetate with solvent treating it
under variable temperature and pressure conditione, and &x-
panding it by suddenly releasing the preseure ' '

(v) The polystyrene sxpanded plastic was supplied by the
Dow Chemical Coppany undey the designation 1Q-103 Siyrofoam,"
in sheets 1 inch 'thick with'closed, &approximately spherical
cells about 1/16 inch in dlameter. . . 1’ .

(c) The nrotein-base sponge ‘'was made frdm zein ‘with’ 40
percent plasticizer ‘dnd was supplied in- sheets about 1. 4 B
inches thick! This material, madufastafed By thg B. F.
Goodrich Company under ‘the dee gnatiod” "hard Anak aponge1 has
a closed, spherical cell etructure witH 881lls of " approximately
1/32-inch diameter. The faces have - Ehin skin of ‘the’ g&md

composition as the core. i = . -*‘="-4~u S
3 . " ‘-'ppn - - - 1 » .

(d) Ehé urea-formaldehyde resin - gkbanded plastic, “Reein
Foam, " was made by the Gdodyear Tire and Rubber Company in
the form of slabs: aﬁout ‘Z"inches thick 'wifh approximately
apherical interconnecting cells The mantfacturer states
that the material %ie made from urea-formeldethe resin
frothed with the ald of = frothing ‘materizl and sé&% by the”
addition of a setting material after it is poured in the de-
sired’ ghape !

.‘.* Lot
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(e) The hard rubber expanded material waw made in slabds
1 inch thick by the United States Rubber qupany and desig-
nated "§2366 hard cellular board. This. ‘prodict contains 35°
percent, filler and 1Q percent softener and ,hes a skin of the
same compoeition a8, the core. . The material has closed, gp-
proximately spherical célls about 1/50 inch in diameter with
e few larger cells, about 1/16 to 1/8 inch in diameter,
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(f) Balsa wood, in two densities, was supplied in the
form of boards 2 to 4 inches thick by the Naval Air Bxperi-
mental S8tation, Navy Yard, Philadelphia, Pa t

(g) Glasa, in the form of & closed. spherical cell prod-
uct, called YFoamglass," was furnished in 2-inch-thick slabs
by the Pittsburgh Corning Corporation. The Foamglass was
"ecoellulated by the evolution of 1nternal gas at high temper-
atures." §

‘TEST PROCEDURES AND BQUIPMESNT

The procedures employed were similar, in general, to
those described in Federal Specification L-P-406a. (Bee ref-
erence 3.): The specimens for the various tests were condi-
tioned at 77° F and 50 percent relative humidity for at least
2 days prior to test and tested under these conditions unless
otherwlee specified. : .

Weight and Dimensional Measurements

The specimens were welghed on an snalytical balance of
the magnetically damped type which permlits rapid welghing.
In measuring the dimensions of the specimens it was found
that some of the materials were soft enough that the foot.of.
an ordinary dial thickness gage would sink in a considerable.

amount, A4 Schiefer comnressometer (f1ig. 1) was used for di-”

mensional measurements since:with this instrument a light¢
controllable load can be anpplied -to the dial foot, (See ref-
erence 4.) Tor most measurements the force on the l-inch-
diameter foot was adjusted to 0.1 pound. In this instrument,
the lower dial graduated tn 0,001l-inch units indicates the
thickness of the specimen and the upper dial, the pressure

applied. TFor some tests the changes in softnees of the mpte:';

rials were estimated with the compressometer by .measuring, the

dimensions for two different pressuras. .
The density 'of the test epeci@ens was calculated from

welght and dimensional measurements, .

The thickness of the test specimens was the same as that
of the ‘sheets supplied, except -for the balsa, in.which case
the- specimens were taken from l-inch-thick planed boards,

The lengthwise direction was taken along the length of the
sheet; 1f-the sheet was square, the lengthwise direction was

H . . R T
’ : " P
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arbitrarlly chosen. ° Fcr the balea thé lengthwise direetion _; B
was with the grainm. '~ ... ... =TT o

L R 3
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Therhal'conduetivity

The materials were tested .in an 8-inch guarded hot platse
apparatus 1n a manner similar to that described in Federal
Specificatlon LLL-F-321b. -(See reference 5.) The specimens,
8 by 8 inches square, were dried in an oven at 140° to 150° F
for about 16 hours prior to.test. ‘ :

:-.I

Resistance to Extremes ef'Temperathre.and'Eumidity_
The materials were subjected to the accelerated service
tests described in Method 6011, Federal Specification LP-406a.
(See reference 3.) The conditions in these tests are as fol-
lows: - L,
Test I: 24 hours at 140°.F, 88 percent relative humidity
24 hours at 140° 'ih'cirﬁulating-air oven

in”circulating-air oven'

-
el

f.

Tegt II: 72 hours at 1409

~Test III: 24 Hours.at 160°
ot humidity .
24 hours at 160°

70fto 75 percent relat1Ve..

3

-~

-2 .

-

T

-
-

Sdin circulating-air cven g

:about 100 percent relatlve

. Teet.IV: 24 hours at 175% F,
ek X * ‘humidity : o e = e
‘"  "24 hours at 175°9 ¥, .in circulating air oven

.Test V: 24 hours at 175° 70 to 75 percent relative
et humidity . - '
24 hours. at ~40.
24 hours..at,. 1752
24 »-hour-s: at, ~40° F
-
Duplicate epecimene cf each material 3 by 3 inches by the
thickness, were subjected tg the five tests in the order Iisted,
and were weighed and méasursd initially and after each exposure

period.

-

dry~ice refrigerated box
in circulating-air oven
dry—ice refrigerated box

R I B R

Accelerated Weathering
The materials were subjected to alternate exposgsure to a
temperature of 150° F in a circulating-ailr oven and to mois-
ture in a fog chamber at a temperature of 77° F. The daily
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schedule included 2 hours in the fog chamber, 2 hours in the
oven, 2 hours in the fog chamber, and 18 hours in the oven.
The duration of the test was 240 hours. Two specimens of
each material, 2 by 2 Ilnches by the thickness, were weighed
and measursed initially and at the end of the test.

Natural Weathering

Ssmples of the materiales were placed outdoors on March
15, 1944, in Washington, D. C., on exposure racks that faced
gsouth and were inclined at 45° to the horizontal. Two flex-
ure test speclimens were cut from each sample prior to the out-
door exposure. It is planned to make flexure tests on speci-
mens taken from the samples after a year's exposure. The
samples were examined May 15 after 2 months' exposure, and on
October 17 after 7 monthe' exposure.

Resistance to Chemicals

The materials were tested for their resisgtance to the
following chemicals: water, 95 percent ethyl alcohol, ethyl-
ene glycol, glycerol, diacetone alcohol, SAE 10 motor oil,
heptane, and an aromatic gasoline blend consisting of 60 per-
cent 100-octane gasoline, 20 percent toluepe, 15 percent xy-
lene, and 5 percent benzene. One specimen of each material,

2 by 2 inches by the thickness, was weighed and méasureg be—
fore and immedlately after immersion for 7 days. The meas-
urements were repeated after 7 days of air drying. ZTach
specimen was placed in a separate container. 4 duplicate set
of specimens was subJjected to the 24-hour water absorption
test described in Method 7031, Federal Specification L-P-406a.
(See reference 3, - '

The softening of the specimens immefsed in chemicals
was measured with the compressometer in the following way.
The length, width; an¢ thlgkness measurements before and
after immersion and on drying the specimen were made with -
both a 0.1~ and a l-pound force on the dial foot. The dif-
ference 1in hundredthe of en inch between the measurements
with the two loads on the dial foot 1s defined as the soft-
ness index. .

Flexure Tests

Flexure tests were made with a self—alining,.adjustable-
span flexure Jig (fig. 2) mounted 1n a univeraal hydraultic

weu wTE
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testing machine. After the flexure Jjig had been centered

and alined relative to the pressutre pilece 4, it was kept in
place with a magnetic chuck B. The span could be subse-
quently adjusted to any value from 1.6 to 9 inches by means
of the calibrated screw ©C without recentering or realining.
The support pieces D each had & radius of 0.125 inch and
the pressure pilece a radiuvs of 0.50 inch. The deflection of
the specimen at the center of the span was indicated by a
Southwark-Peters plastics extensometer E attached to an
equal-arm lever F in contact at one end with the lower face
of the test speclimen. A flat plece of plastic was placed de-
tween the specimen and the end of the lever to keep the edge
of the lever from pushing into the test specimen. With this
apparatus and the associated recorder, load-~deflection graphs_
were obtained during the testing. & specimen in place ready’
for testing is shown in figure 3.

The testing machine had a capaclity of 2400 pounds and a
low range of 240 pounde which was used for most of the tests,
The estimated error of the load indicator when fths load-
deflection graphs were made was less than 0.5 pound for the
240-pound range. The deflection indlcator was accurate to
within 5 percent in the range of 0.01 to 0.1 inch and 2 per-
cent .in the range 0.1 o 0.4 inch. LT

" The epecimens ware 2 .inches wide and had a depth equal -
%o the thickness of .the material; the span- depth ratio was
maintained at 7 to l,, Testse were made for the two grades of
balsa with a flexure jig of larger span to obtain modubus of
rupturg values for a span-depth ratio of 16 to 1.

Ni;Rhgzmpdplus”pﬂ:rupture 'ér ‘was éalculated from the -
usval formnlas - . : ' ST

- f-‘,:! 134 LW - ot Ly (e o . o it o — - - - — Cem e s
Aen e LT . BB -
1. Ll - r L . r )
’ S e e -
where ~:° . : - “;‘ -
) x . . . . Lo e ~et T L _ o
‘ T Sty asa ful s L0 .
P maximum load B
1 .ugpan : R I . o Fﬁﬁ-*“f?%¥ff ff{;‘,;é'
b Widﬁh ' st et - . .“." . . e -.-'-f R l." '__:j.-' f‘.’ __. - F:
h -depth of the specimen .  .¢ t f‘:_: .,T'f__ ;;,

The slope of the straight nortion of the load-deflection
graph was determined, and from this the "effective flexural "
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modulus of elasticity," By, neglecting the deflections due
to shear and to concentrated loada at the supports, was cal-
culated as follows: : :

[
4bh

P
Ef:-}z 3.

where P/X 18 the slope of the load-deflection gr&ph. The
other quantities were defined for the preceding equation.

Tests were made both with and without plywood or acry-
late resin pads at the gupport pleces to determine the effect
of the local deformation on the flexural modulus of elastic-

ity.
Compression Tests

The materials were subjected to flatwise and edgewise
compression tests. Two universael hydraulic testing machines
were used to accommodate the wide range of maximum loads re-
gquired for the various materials. One had ranges of 240,
1200, and 2400 pounds and the other had ranges of ‘2400,

12,000, and 60,000 pounds, Speclal bearing blocke were coh-
structed with brackets (fig. 4) to permit using the Southwark-
Peters plastics extensometer for deformatlon measurements.
With this equipment and the assocliated recorder. load~-deforma-
tion .graphs were obtained during the test. )

: The flatwise compreseion test specimens were 3 inches
square with the height equel to the thickness of the sheet
except for the balsa, The latter specimens were cut from 1l-
inch~thick planed boards. Tests were made both with and with-
out an alumimum alloy spherical seat. Figure 5 shows a poly-
styrene specimen ready for test with the spherical seat in
place and the extensometer attached to the brackets. When
the spherical seat was used, it was ad justed go that the plane
surface of the top part was parallel to the surface of the
upper flxed bearing bloeck. .

The edgewise compression tests were made on lengthwise
end crosswlise specimens the heights and widths of which were
twice the thickness. The balsa specimens were taken from 1-
inch-thick planed boards. The ends of the specimens were
made flat and square on a sanding diesk, Most of the materi-
als were tested without the spherical seat. A balsa specimen
én place for edgewise compression testing is shown in figure
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RESULTS AND DISCUSSION
Density -

+
v

The densities df the specimens were determined .in m%ﬁimv
of the tests, and the values gre shown in the tables. The, .
approximate average densities of the expanded materials igp i
grams per cubic centimeter are as follows: . cellulose ace%@ﬂeu
0.08 to 0.09; polystyrene 0.02; zein 0.16 to 0.18; urea- '~ '~
formaldehyde 0.04; hard rubber 0.07 to 0.08; low-density balsa
0.07 t0 0.09; high-density balsa 0.16 to 0,32; glass 0.16 to
0.17.

- ¢
2 -

T gt

S I N UL TS S ..Thermal Cdéductivity ' f-;. ';, e g B d;

I I

The résults of the thermal-transmission_meagu:éﬁents'aiqf
given~in. table I. The hard rubber had the lowest,6conductiv-
ity, the value for X being 0.25 Btu per hour per sgquare _
foot per ‘degree Fahrenheit per inch at 95° F, This compares
favorably with many.of the rigid -and most of the fibrous com-
mercial insulating meterials. (See references 6.and.7.)

Résistance to-Bxtremes of Temperature and . Fumidity

The ‘results of these tests are given in table II. The
least weight changes, less than 1% percent, were shown by, . -
polystyreﬁe.lj’The glass also exhibited very slight changes, ;.
in welght. Thé hard rudbber, zein, and low-density balsa ex-. -
hibited’ weight changes of 5 to 230 percent when subdjected.
alternately to high and low relative humidities,.. i Jor T

. .™nd 1éat dimensional changes wers exhibited by the in-
brg§ﬂ£¢¢P¥°§§¢fﬂgiéBB. and the polystyrene: the changés For:!lw
t@ﬁsﬁ‘éétgfialé were generally less thanm 0.5 percendt. Theivtn
gtzeg material crimbles at the surface of contact on handling,
which &XpYéins the negative trend of the changes. The other '
matérislsexhibited chdnges of about 1 to 5 percent when ex— |
posed alternately to high and low relative humidity. =~ ~—~ '

1In contrast to the.other erganic materials, the poly-
styrene regularly lost weight during a high-humidity period
and gained weight during the following . low-huridity conditfion. ~
The reason for this is not known, but sinée the changes _weTe
small this behavior may not be.significant. o . Toren

-

;
. ) \

. , T L
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1
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Accelerated Weathering

The changes in welght and dimensions after the 240~hour
oven-fog test are given in table III. The resultant changes
in weight were less than 1 percsnt for cellulosg acetate,
low-density balsa, and glass, and between 1 and. 2 percent
for the other materials. The resultant changes ipn the dimen-
elones were between 1/2 and 3 percent for all materialse and
nearly all of the changes were negative.

Natural Weathering

The condition of the samples exposed out doors ls shown
in figures 7 and 8., The results of warp and shrinkage meas-
urements are given in table IV for the 7-months' exposure
period. The inorganic glass product exhlbited the least
shrinkage and warp and appesared unaffected by the exposure.

The polystyrene exhibited very little warp or shrinkage,
but the face exposed to the light had become emdbrittled . with
the result that erosion by the wind reduced the sample .t.o0.
half its original thickness. The specimens of polystyrens
wvhiech had been sudbjected to the heat-fog accelerated weather-
ing test did not show this surface embrittlement. Specimens
of polystyrene were subjected to the ultraviolet light-fog
accelerated weathering test described in Method 6021 of
Federal Specification L-P-406a (reference 3); the material
turned yellow and the gsurface became sufficiently brittle 80
that it could be eroded by blowing a stream of alr over the
surface., Thie behavior was similar to that observed on thq
specimen exposed outdoors for 7 months.

The greatest dimensionsl change of the hard rudbber in
elther direction was less than that of the balsa in the cross-
grain directlion in which the greatest change occurred for
this wood. However, the hard rubber developed a greater warp
than the balsa. The changes in the dimensions of the cellu-
loge acetate and zeln were 10 percent or more, and these ma-
terials warped badly.

Registance to Chemicals

The data for weight and dimensional changes for the ma-
terials subjected to immersion in chemicals and to alr-drying
are given 1n tables V, VI, and VII, The data on softnesd . .:
indices for the materials before and after testing are given
in table VIII,
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The lowest percentage welght changes on immersion were
shown by the glass. In making a comparison of percentage
change in weight, however, the densities also need to be con-
gidered. For example,.glass, hard rubber, and polystyrene,
on absorbing equal welghts of the same chemical would have
percentage increases in weight of 1:2:8 as the densitles are
in the ratio g:2:1. Hard rubber and the low-density balsa
are of about the same density and are readily compared. The
hard rubber absorbed much less chemical in all instances
than the balsa..

The hard rubber exhibited dimensional changes of less
than 1 percent in all chemicals except the gasoline blend
for which changes of 1 to 2 percent were noted. This expanded
product compared  favorably with glass in thie respeet. The
low-density balsa in the direction of the grain exhiblted ai-
mensional changes of less than 1 percent for 2ll chemicals but
pervendicular to the grain changes of 2- to 3 percent were ob-
tained for several of the chemicals including the alcohols.
The celluloss acetate dissolved in acetone and diacetone alco-
hol and showed changee of about 5 percent In the length anﬁ ____
width for immersion iz ethyl alcohol and ethylene glycol
The polystyrene was dissolved by acetone anf the gasoline
blend, shrank about 45 percent on immersion in hentane, and
swelled about 22 bercent in ' diacetone alcohol.  The remaining
five chemicals causéd dimensioral changes up to 1.5 percent.
The dimensions of the gzein were principally affected by theé
alcohols and acetone, and the changes in dimensions for the
othet chemiéals wérsé a4”few percent. The uréa-formaldehyde
materfal- exhibited dtmensional changes of less than 1 percent
for mdtor oil; heptane and glycerol and less than 5 percent
for” tﬁe other chemicals employed

3 = -
7 LTI : —_—

The 24 Bour Water abeorption test (table VID gave results
c6mparable to thode obtained in the 7-day immersion in water
tests.

FProm the data in table VIII it is concluded that zein 1is
goftened by water, ethyl alcohélj-ethylene glycol, and diace-
tone alecohol; and that hard rubber is gsoftened by the gasoline
blend. The slight ehanges in-séeftness indeéex: obtained in other
instances are not considered significant e oo i

L

.. -
t
. E 3 cwe t e [
.

Flexure Tests

¥

'The results of the flexure tests are given in- table 1X.
Sample’ load-deflection graphs are shown in figure 9.
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None of the materials tested had flexural modulue of
elasticity values comparadble to the balsa. The highest valus
obtained for a synthetlc material was about 5000 psi for hard
rubber compared to a value of 195,000 psi for balsa of slight- .
ly higher density. . Unsatisfactory load~deflection graphs
were obtained ‘with the glass so that its flexural modulus of
elasticity was not -obtained. The glags underwent intermittent
crumbling at the pressure .and support pieces and, since the
deflection was measured relative to the supports, the result-
ing load-deflection graphs were very lrregular. S

The strength of the balsa was much greater than that of
the other products, The modulus-of-rupture values for the
strongest materials were .as follows: high- and low-density
balsa, 5000 and B00 psi, respectively; glass, 100 pei; and
hard rudber, 20 psi,

When- the materials are compared on the basis of specific
strength values, the polystyrene 1s comparable to the balsa
in stiffness and in. specific.modulus of ruptufe, The hard
rubber 1s the second best synthetic material with a tenth of
the stiffness.and a tenth of the specific modulus of rupture -
of balsa of the. same density.

Ehe flexure teet deta for balsa compare reasonably well
with values reported by the Forest Producte Laboratory (See
reference 8. ) :

Prom the teets with and withouyt the pads ab the support
pleces, 1t 1is concluded that the local deformation due to-
concentrated loads dild not affect the flexural modulus of
elasticity data apprescliably for the polystvrene and hard rub-
ber. In the case of the low-density balsa, however, tests
without 'plastic pade resulted in flexural modulus of elastlc-
ity values less than half of the corresponding values obtainad
with plastlie pads. :

LS
. oAl -

PRI

;Compreseion Teqts. .
" . .

The dats for the flatwisa and edgewrse compresaion tests .
are given in tables X and XI, reapect;velv .. Average Btress—
strain curves for the various materials ere shown in figures
10 and 11, Typical load-deformation graphs as obtained on -
the recorder are 1llustrated in figures 12 and 13.

The :cellulose acetate with the,fibqrs or gelle orjented
in the flatwise direction. exhibited the highesﬁ flatwise
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compressive modulus of elasticity of the synthetic organic
materials, 3400 psi. The average value obtained for balsa
of slightly lower density was about 1500 psi.

'The flatwise compresseibility -of .the balsa ie apparently
very sensitive to the density; when the density.was inecreased
two to three times, the effective modulus of elasticity val-y:
ues -were multiplied tenfold or more. The polysiyrene, zein, .-
and hard rubber were' dbout equal .in flatwise modulil of elas—. -
ticity, exhibiting values of 300 to 800 nal:. The ‘tendency
of the gless to crumble at the bearing surfaces makes the
modulus of elasticity data for this material uncertain.

*In the edgewise compression tests the method of measur- .-
ing the motion of the heads (fig. 6), a non-averaging method,
wes checked with a pair of dial gages placed symmetrically
relative to the axis of the testing machine heads., Good
agreement was obtalned by the two methods for edgewise tests
of low~density balsa, both lengthwise and crosswise., Consid-
erable error, however, was obtained for the high-density balse
the modulus of elastlclty of which was five to seven times
that of the low+density ‘balsa. &As all the.synthetic produets
exhiblited modull of elasticity much less than the low-density .
balsa, the non-averaglng arrangement shown in figure 6 was
considered satisfactorv for these materilals.

P R ' R |

- The ‘hard 'rubber hHad the highest effective modulus of
erwsticity of the expsnded ‘organic materiale in the edgewise
testes. ' The value for tthie rubber product was about 4000 psi
compared to 100,000 psi lengthwise and 3500 psi crosswise for
balsae -of thed s§amwe den'sity.* The compressive moduli of elas-
ticity "obtained for the hard rubber in the edgewise tests
were much hidHér ‘then those obtalned in the flatwise tegtid, v -
The skin on ithig material probably caused most. of the In- "~ =
crease. -The 'polystyrene and zein exhibited compregsive mod= ..
uli -of about 800 psi in the edgewise tests. The .modulus.of ..
elastioitv/density ratio for polystyrene ‘I's -gbout a fortieth
of the corresponding ratio for the low-density balsa in the
lengthwise direction @nd about requal to the correspon&ing
ratio in the'crosswfsw direction. L . -

The compressive yield stress of the - low-density balaa N
for:the lengthwlee direction was :700 psi compared to 50 psi
for mard rubbar and ls pei for polystyrene.
» E “ e o - . _‘ —
Qhﬂ compression test data for ‘belsa compare reasonably
well with the values given in reference 8. '

Logt : o . . e e e
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 CONGLUSLONS | T

1, The density of the polystyrens expanded material was
s fourth, urea-formaldehyde a half, and hard rubber and ecel~
lulose acetate about the same as that of the low-denslty
balea, 0.08 gram per cubdic centimeter. The denslties of the
zein and glass expanded materials were greater than that of
“the low-density balsa. :

2. The hard rubber had the lowest thermal conductivity
of the materials tested and compares favorabdbly with many of
the rigid and most of the fibrous commercial insulating mate-

rizle.

3. The least welght aend. dimenaional changes 1n the tests
involving extremes of temperaturse and humidity wers exhiblted
by the glass and polystyrene sxpanded materials,

4. The organic products were all affected to some extent
by 7 months' outdoor exposure; the glass product was unaf-
fected. ' .

5. The least dimensional changes and lowest percentage
welght changes on immersion in various chemicals were exhibd-
ited by glass and hand rubber in that order. For these mate-
rials the dimensional changes were legs than 1 percent except
in the case of hard rudbver in an aromatic gasolline blend,.

6. Balsa was much superior to the other materiala in
flexural properties In flexure, 1ts modulus. of elaaticity
wag forty times and ite modulus, of rupture was nine times the
value’s for hard rubber of the same density, .the strongest
organic synthetlic material. When the density 1e taken into
account, polystyrene approached the balsa in specific flex-
ural modulua of elasticity and’ specifio modulus of rupture.

Balsa was much superior to the otner materiala in
compressive properties. The cgllulose acetate with cylindri-
cal cells oriented perpendidularly to the’ plane of the sheet
had a flatwlse compressive modulus of elasticity that com-
vared favorably with the corresponding value .for balse of the
same density. The edgewise compregssive modnlus.of elasticity
for hard rubber. the most rigid of-the synthetic organic.

products, was 4 percent of the’ edgewise value for the 1ow-_ v

density balsa iIn the lengthwise direction.. The compresaiva
yield stress for the low-density balsa in' the lengthwise
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direction sas Mmore than ten times the value for the hard rub-
ber product.

National Bureauw of Standards, .
Washington, D. 0., March 8, 1945.
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TABLE I ,- THERMAL GONDUGTIVITX.OF LOW-DENSITY MATERIALS

Density, Thermal
Material Thickness oven-dried conductivity1, X
(1n.) (1v/£$3)|(&/cm®) | (Btu/hr/£42/0F/in,)

Cellulose

acetate® 0.56 5.3 0.085 0.40
Polystyrene 1.11 1.0 .016 .35
Hard rubdber .98 4.3 .069 .25
Balsa, low- ' .

density?® 1.00 5.8 . .093 .32
Balsa, high- .

densitys .74 10.0 .16 ' 41
Glags® ’ 1.0 10.3 165 (. .- .53

1The mean temberature for these tests wae 1n the range
92° to 1oo° Fooo o R aat . -

aThe test specimen consgisted of two thicknessges of'this'f
material giving a total thickness of 1.12 1in.

P

3‘I'he test’ specimen consisted of pleces 4 by 8 1n butted -
together at the edges to form 8 in. squares; all pieces'wgre
cut from the same board. . .

The naterisl used in this test was from a ‘différent
shipment than that used for the atler. testsg on expanded glase,
The specimen was oven_dried at 2609 F prior to test. -




TABLE IY.- OHAWGES IN WEIGHY ARD DINEMSIONS OF LU'I-IIHITT MATERTALS ‘TN AOUELERATED SYRVIOE PMEBTE

“OR Kl YOoVX

188

TNVOLVING FAYAXES OF TRMPERATURE AWD BUMIDITY'
ot 7 B _J
T after |Change after [ hange afser | Change fter Ghange ol tox
a4 hours 24 bonrs 24 hours o » 2} nours
at 1IMOOF, at 1hoor ?s.f 1 n at at =4o°F
A.H. in ovyen «He
’_____mmu £) - (%) (4r ) {%) (£)
¥.E 1 G E T
Gellulose acetnte + 2.1 - 6.0 - 0.2 + 14 - 3.6 + 6.9 - 6.8 + 1.6 + 0. o W4 + P,
Polystyrens - 1. + O.E 0.0 - 1.0 + 0. - O.E + 0.2 - L& + 0.5 - 0.0 + 0.
Zeln + g.z - 8, - 0.0 + &4 - g +1%. -11.E + g.o - 0. - 7.2 + 0.
Jras-formaldehyds + 0.4 - 3.5 - 0.2 + L6 -2, + 6.8 - ; + 0.2 + 0, - 3.4 + 1.
ard Tubber +1.11‘.6 -1.5 -a.7 * E.a - 2.7 L .g .1 .g +1g.; + g.g -%,2 + g.z
Low-dansity balas + 8, =10, - 0.2 + 6.2, - 0. +1k. +15. + 3. + 0. - B + 1.
|GLase ki - 0.2 - 0.2 - 2.0 - 0.4 - 0.8 + 2.6 - E.ls -~ 0.2 + 0.5 .=~ 1.0 - 1.E
Lt T ¥ 6 * ¥ AX¥DP ¥ I DT B
Oalluloss nootate + L2 - 1.2 -0l + 1.B -1.2 + 1.0 ~ 1.9 +0.2 + o.g - 1.4 0.0
JIrolys¥yrens 0.0 +0.1 0.0 * 0'% + 0.2 0.0 - 0.2 - 0.2 0. ~ 0,1 0.0
%::n A - g.z - o.g . - g.g + g. . - %.g + g.z - 1..2 + %.;!. 7 g.g -~ 1.6 - g.u
u-omldohyde - s =31 - s + k. - £, + 0. - B = Q.. s - Ja + O,
ELg:td. rubbar N + g.& - é.; - 0.3 +'0.E - 1.k + o.% - g.g + g.g - g.g - %é - g.g
w-dansity bole, Iongth  + 0. - 0, +0. 0.0 - 0. 0. -0 . - 0. - 0. - 0.
»ldth + o.z - 1.0 - D'E + 0.3 - o.g + 1.4 - 1'8 0.0 0.0 ~ 1.0 + 0.2
Glass , 0.0 + 0.1 + 0. 0.0 0.0 + 0.2 0, -03 |- 0.0 - 0.8 + 0.1
; oo T *r ®x 1 o X-¥ £ B 6
Cellulome moatate - 0.9 0,9 0.0 + 0.9 - 1.8 + 0.9 - 1.4 0.0 + 0.9 -
Polystyrems - 0.0 - o.g + 0.5 - 0.2 0.0 0.0 0.0 + 0. + o.g -
Zein + 1.8 +0.5 - + 0. + 0, = 0.k - B2 + 1.0 -1 - 2. -
Uroa=formeldehyds - 1.3 - 1.0 0. +1.1 -1, + 0.7 - g.o - 0, ~ 0.7 -
Eard rubber + % - 1.0 - o.z- + 1.0 - 2.2 + D'E - g + 1.0 + 0.5 -
Low dsnsity bulsa + 2 - 1.6 + 1. 0.0 -1, + L -1 - 0.8 0.0 -
Glass - 0.5 + 0.2 . 0.0 0,0 0.0 0.0 i ="0.5 0.0
L

. 'etnod 6011, Pedarsl Gpacifioation L-P-408n. 'Two speoimena of each material wers tosied,

. Tha sams epscimens wero wubjacted to tests 1 to ¥, conmecutively. The values in the tabls
ATH EVATAJS Dhl-nfoa from tha previcus oondition, caloulated to paroentage of the iniltiel
walght or dlmenaicns of the conditionad spepimaen,

L

' ®probabls errcr in ¥he valuaa is of the order of %0,2, |
"probable error in the valuss is of ths order of 0,5, i

LT
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TABLE III.- CHANGES IN WEIGHT AND DIMENSIONS OF LOW-DENSITY

MATERIALS DURING 240-HOQUR OVEK-F0G CYCLIC

ACCELERATED WEATHERING TEST

N Change in Change in len§th Change in
Material welght and width thickness3
(percent) (percent ) (percent)

Cellulose

acetate 0.085 -1.0 -0.6
Folystyrene ~-1.2 -.9 -.8
Zein -2.1 -3.0 (&)
Hard rubber ~1l:2 ~1.4 -1.1
Low~-densgity

balsa -.2 ~1.0 2.2
Glass -.4 -1l.4 ~1.6

lTwo specimens of each material were tested. The fig-

ures in the table are the average percentage changes, based

on Initial conditioned values.

®Probable error in the values is of the order of 0.2,

aProbable error in the values is of the order of %=0,5,

“One specimen exhibited l.l-percent increase, the other
l.,l-percent decrease.
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TABLE IV.- EFFECT ON LOW-DENSITY MATERIALS OF EXPOSURE

CUTDOORS FOR 7 MONTEHS?

Changes in 2
Material dimensions ¥Varp Remarks
Length- |Cross- Length- on conditfons after
wise wise wise exposure
(percent fpercent)| (in.)
Cellulose
acetate -10 to0 10 -20 |- Badly warped

Polystyrene 0 0 .12 Eroded so that thick-
ness 1s half of orig-
inal, except where
wire screen protected
panel.

Zein ~13 -9 2.9 Underside soft near
center, probably
caused by absorption
of condensed molsture.

Hard rubber -2.5 -.8 .6 Surface dulled:
slightly warped.

Balsa,low-

density 0 -4 .04 Surface cracks in di-
rection of grain,

Gless 0 0 0 Same as original.

‘Specimens exposed from March 15, 1944 to Oet. 17, 1944

on roof of Industrial Building, Nat. Bur.

of Standards,

Washington, D.C.: examined at 3:00 p.mt. after 3 days of clear

weather.,

2Warp calculated to that for specimen 12 in. in length,

assuming that warp varies with square of length of specimen.
The lengths of the specimens varied from 9 to 18 in. o
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73 TABLE V.- CHANGES IN WEIGHT AND DIMENSIONS OF LOW-DENEITY MATIRTALS®
' IMMERSED FOR 7 DAYS IN CHEMIOALS AT 38° 0
Change Change . 2 Ohange Change
o for . foT Ohange for urean- Change for low- Ohange
Chemicals cellulose poly~- for formal- for hard]| density for
acetate styrene zein dehyde | ,rubber- balsa - glass
(percent) | (percent) {(percent) | (percent).| (percent) | (percent) |(percent)
Weight H
Water . 430 130 180 960, 85 510 10
Ethyl aleohol, :

895 percent 300 - 310 280 1440 53 580 7
Ethylene glycol 360 100 310 B80 40 350 17
Glycercl 340 - 180 40 200 31 210 18
Diacetone .

alecohol Dissolved 300 480 1570 79 330 . 18
Acetone Dissolved | Dissolved 200 1170 100 830 5
Motor oil —

(SAE #10) "180° - 180 180 1780 55 190 14
Gasoline blenda® 150 .. - | Dissolved 130 1370 310 490 8
Eeptane 170 84 160 12360 48 330 9

. Length and Width® L "
Water .. 3.4 -0.7 -0.8 3.0 0 0.7 2.8 -0.7
Ethyl alcohol, "

86 percent 5.8 .7 10.0 1.9 .8 .8 1.8 o]
Ethylene glycol 6.3 1.4 5.4 -1.3 o] .8 3.8. -.1l
Glycerol -.8 4] -.8 -.8 .1 B A SR 4 0
Diacetone R

aloohol Dissolved 33.8 11.3 -1.8 -.8 A 3.0 -.1
Acetone Dissolved | Dissolved -.4 -1.8 0 1.4 -.8
Motoyr oi1 " .

{SAE #10) . -0.1 . -1.0 -.4 .1 -5 | -2 | -.1 L=l
Gasoline blend® .2 Dissolved | -.3 8.0 2.11|o0 .1 1.3
Heptane -7 -49.3 -3 ‘-8 .6 | =-.3 -.3 -.8

Thickness®
Water -1.0 -1l.1 1.0 2.8 -0.8 1.4 -0.7
Ethyl alcohol, L . . ~

95 percent 4 ;8 - g.5 1.7 .8 3.8 .1
Ethylene glyocol -.7 - d " 6.0 -1.4 -.4 3.0 -1
Glycerol -1.4 . 1.8 -1.8 ~-.9 - .6 3.4 0
Diacetone ct )

alcohol Digsolved 30 13.8 -1.86 -.e .9 -.1
Acetone Dissolved | Dissolved -7 -1.8 (o} 1.3 -5
Motor oil ' Dy

(SAE #10) -0.85 ., =0.2 . =3.1 Y- B 0 o ;. -1
Gasoline blena® 1.3 - ['Dissolved| * 3.7 4By, 1.2 [ tlg
Heptahd 2+ ~ -.7 ~41.7 . D mB R A -.4 -1.9 - bl =7

DAV - L ke T, I - - .
‘' 10ne specimen of each.daterial was tedted. The percentage change is based on the
initial weight dr dimensions of the conditioned specimen.

27he gasoline blend consisted of 80 percent 100 octane gasoline, 30 percent toluene,
16 percent xylene, and & percent benzene.

3probable error in the values 1s of the order of 0.2,

‘pProbable error in the values is of the order of x0.5.

b



NACA TN No. 991 31
3+ r ca DT
o ;
. g Y . ) S
TABLE VI.- OHANGIS IN WEIGET AND DIMINGIQWS OF LOW-DENSITY MATERIALS®
IMMERSID FOR 7 DAYE IR CHIMIOALS AT BBQ * AXD THIN T - T
AIR-DRIED AT 25° T0 30° 0 FOR 7 DAYS
Change Change. Qhange ) Ohanga
for . for ) Change for urea- | Change for low- | Change
Ohemicals cellulose poly- (-} formal- 4 for bard density for
_acetats styrene; | zein dehyde rqbber balsa glass
(percent) | (percent) | (percent) | (percent) '|'(Yercent) | (percent) | (percent)
o= .. Weight . ST
Yater o] o] .- 28.7 =1.B5 - 3.4 -4.0 -0.3
Ethyl alcobol, "

95 percent i o] 0 175 49.0 2.3 -.8 -.7
Ethylene glycol | 211 34.7 198 468 6.0 294 15.2
Glycerocl 190 147 38.8 130 28.3 188 11.1
Diacetons

alcohol Digsolved 1.0 338 380 18.8 40.0 -4
Acetons Dissolved | Dissolved -17.7 -3.0 7.8 ~3.0 -7
Yotor oll .

2SAE +10) 108 137 . 133 1368 63.8 300 13.1
Gasoline blend® - 8.4 Dissolved 28.0 31.0 7.4 87.0 -7
Heptane . -1.8 3.4 103 14.0 1.9 158 -.2

Length and Width® L ¥ L
Water -0.4 =0.4 -1.8 -0.6 0.1 0.8 o] ,=0.5
Lthyl aloohol,
95 percent -2.3 -3 1.3 3.7 .3 4] -.4 -.3
Ethylene glycol 6.4 -.8 3.0 3.8 -.8 .7 2.7 -3
Glycerol -.3 - -.5 -.8 .1 .8 1.0 ,Q )
Diacetone :
alecohol Dissolved —.2 7.1 -8 0 .4 2.2 -1
Acetone Dissolved | Dissolved -8.5 -1.7 -.9 .1 1=38.1 -5
Motor oll
(SAE #10) -0.1 0 -0.8 0.4 -,8 o] -.3 -.1
Gzsoline blend® .2 Dissolved -4 . -7 0 -3, -.2
Heptane -.3 -50, -.4 ~1.3~ .B 4 .7 -.3
Thiocknass® e

. [ [

¥ater 0.4 0 ;.‘_ : 1.8 -0.9 0.4 1.8 _ - =0.4
Ethyl aloohol, - Bt . -

95 percent -1.4 =7, 2.4 3.0 .3 8.1 -4
Ethylene U,

glycol -3.0, -8 3.0 -1.5 4 1.4 .
Glycerol - 0 -1.7 -4 3.8 -.1
Diacetone . ’

aloohol Dissolved -.5 2.8 -.8 o} .5 -1
Acetons Digsolved Dissolved -8.3 -1.7 .4 1.3 -4
Motor oil - )

{SAX $10) -0.3 p -2.5 0 -8 .. =4 |, ;=
Gegoline blend?® -2.4 Dissolved . - 2.8 ‘4 ~8.0 -.a v -.2
Heptane -8.9 -44.1 -.9- -1.0 s Vel.5 sl

10ne specimen

of each material was tested.

The percentage changs is based on the
initisl weight or dimensions of the condlitioned specimen.

%7The gasoline blend consisted of 60 percent 100-cotene
15 percent xylene, and 5 percent benzene.

3probable error in the valuea is of the order of *0.2.

RS .
fPtnpable error in the values is of the order of &0.5.

e

gusoline, 30 percent toluqu,
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TABLE VII.. WATER ABSORPTION® OF LOW-DENSITY MATERIALS

Chenge after Change after Total change
24-hr immersion 24-hr drying from initial
Materiald at 770 ¥ at 1220 F condition
(percent) (percent) (percent)
Weight
Cellulose acetate 201 - 200 1l
Polystyrens 78 -77 1
Zein 163 ~-99 64
Urea-formaldshyde 389 ~-397 2
Hard rubber 27.1 -27.5 -.4
Balsa,low-density 203 ~202 1l
Glass 139 -139 0
Length and Width®

Cellulose acetate 2.9 -2.7 0.8
Polystyrene -.2 -2 -.4
Zein 1.5 -.4 1.1
Urea-formaldehyde 4.6 ~4.8 -.2
Hard rubber .1 -3 -.2
Balsa, low-density

(length 1.0 - o4 .5

(width 3.5 -3.0 .5
Glass -.1 -.2 -3

Thickness®

Cellulose acetate 0.7 ~-0.3 0.4
Polystyrene -.3 -.6 ~.9
Zein 4,0 -1.1 2.9
Urea~formaldehyde 4.4 ~4.,9 -.5
Hard rubbdber .4 -.2 2
Balsa, low-density 2.7 -3.9 -1.2
Glass -.1 -.1 -.2

l1Procedure same as Method 7031, Federal Specification
L-P-406a (reference 3). '

One specimen of each material was tested. The percent-
age change isg based on the initial weight or dimensions of
the condltloned specimen.

®Probable error in the values 1s of the order of 0.2,

4
Probable error in the values is of the order of £0.5.



TABLE VIII.- GOFTEECH INDEX FOR DAMPLEG IMUYROED IN VARIOUS GHEMICALS
Softnans gnd.u:’ bofors and aftexr Immoxsion in the Indicsied Chemloal for
B [+
¥ vy N acetons soxr Oil Gasoline
{-]+) 8.
| Matorisl | Nowswrowntueds [Tk i S S

Oellulose noetass | Pafors imsersiom 2.0 { 0.6 1.0 1.2 | 1.2 1.4 | 0.8 —_— ] — — | — 0.6 | 0.7 0.9 0.2
do, AL ter ; dnys lmmersion 1.8 | 1.0 1. 1, 1.0 1.2 0.2 Mesolvad Dissolved D.z 0. 1.0 O.E

do. itter | dayw air drying 1.2 | 0.5 1 1.4 | 0.6 .45 | 0. — ) — el 1. o.? 0.9 0.
Polystyrens Befors immersion 0.6 | 0.8 0.8 0.6 | 0.8 o.l 0. 0.k | 0.6 — 0.6 | 0.6 — 0.6
do. After 7 days immersion 0.8 | 0.2 0.8 D.z 0.8 1. 1. 1.6 | 0.6 mmlnd 0.6 | 0. Diswolyed 1.0
do. Aftexr 7 days atr drying 0.6 | 0.8 0.6 0. 0.6 0.6 | 0.4 0.6 | 0.7 — 0.7 | 0.8 — 0.2
Iein natm 1mmexsion o.z 0.4 0.3 0.4 o.{ 0.2 0. 0N | O 0.k | 0.2 0.3 | 0.6 0.% | 0.3 oA

do. days imsersion A, g.# 12.E R'g 15. 0. o.é L1 i 1.2 o.ﬁ o.; 0.4 0.4 | 0, 0.

do. um days aix drying 0,6 | 1.0 0. 1;.5 0.5 | 0. .0 | 3.8 0.3 | 0. 0.k | 0.2 0.2 | 0. 0.
Urea-formaldehyds Bernra Lmmeraion Le | 1.2 0.2 1.1 | 1.2 L1 | 0.4 1.0 | 1.1 1.4 | B9 1.0 | 1.0 1.2 1.4 0,8 o.g

do, days immersion 2.1 | 1.8 1.0 1.0 | 0.4 1.0 | 1.1 0.8 | 0.8 1.6 ;.9 0.9 | 0.8 1. E.z 0.8 | 1.
. uu: au- air drying 1.8 | 1.3 0.4 1.2 | 1.0 1.0 | 1.2 .8 (1.0 1.0 | 1.5 0.8 | 0.9 1.2 |23 Ls | 1.%
Herd rubber Before immorsion o.I 0.1 0.k 0.6 | 0.4 o4 | 0.2 ¢.6 |0.B o.g 0.4 0.7 | 0.2 u.E_ 0.2 0.k | 0.%
do. Atter ; days immeraion a, 0.2 0.k 0.6 0'2 0.2 0.2 0.6 o.i 1, e.é 0.k | 0.2 g 2.2 0.8 | 0.6
da, Aftex 7 days alr drying ok | 0.2 0.k 0.5 | 0. 0.5 | 0.2 0.5 [ O 1.1 {o0. 0.6 | 0.2 .8 | 1.2 0.8 | 1.0
Low-dsnaity belse | Befors lusarsion o.k | 0.3 o.z 0.2 | 0.1 0.2 | 0.8 °‘ﬁ 0.2 0. 0.2 0.% | 0.2 0. 0.3 | 1.0
do. sz ; days immexsion 0.k | 0.2 0, 0.k | 0.6 o.g 0.2 0.4 | 0.0 0.5 0.2 D'E 0.2 o.é u.i 0.0
do. dsys air drylng . . 0.4 0.5 | 0.0 0.2 | 0.2 0.3 | 0ub 0. 0.2 0.k | 0.2 0. 0.5 | 0.%
Glass Defors immerwion o | 0.2 0.1 0.2 | 0.2 0.1 | 0.1 0.2 | 0.1 0.1 | 0.2 0.2 | 0.2 0.2 0.2 | 0.2
do. AMtor ; days imeersioa O'E 0.1 0.2 0.2 | 0.2 0.2 | 0.0 0.1 | 0.0 0.2 | 0.1 o.a 0.2 0.0 0.0 | 0.1
Afsor 7 days air dryisg 0. 0.1 0.1 0.1 | 0,0 0.2 | 0.4 0.2 | 0.2 0.1 | 0.2 g, 0.1 0.l 0.2 | 0.2

lgoftnasn indax is definsl as the differsnce in the dimensions of the tpnnilm in lmdrediha of
an inch as meamired on the Bohiafer oompressomater for foroes of 0.1 and 1 go\md ras hely.

thae bigher the muzber, the softer the saterial. Ths values ahown in the columns

fox

widih are the averages for the measuramonts in the ¥wo directions.
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TAELE IX.- FLETIEE PROPEIRTIES® OF LOW-IZWSITY NATERIALS

e

EfTeotive

Yo. of n’ﬂ% °f | woauivs of Rnpture, 8y “;;‘-‘ Flexure "-18:”

imen Deneity, d te Range Avorage Range, Teed X

Materigl _&’&m__ (B[GHI B’-’:o (11:7.&g {(18/1n%) (Ib/202) [15[;22) sm-aigbng th | Pue ot o Ly o
Osllul tate ngtin. 0. P 400 MO Fone 000 §,000
o Nt | eentes o.% 2 200 200 ;g m-’go ; Foma . %fooo 2,000
Polystyren Lengthwi 0.019% 2 £00-1,000 2R~ Fone , 000,000 »O00
olys g : Gtouﬂ.l:e 0. 013? 2 1.% 1.;3&-1,#00 E‘é Jg-_g :’ Fone Po , 000,000 133.000
Lengthwiset | 0,0122 2 1, 1,800 3 7 'l 000,000 | 120,000
Lengthwise | 0.1 2 2,600 | 2,500-2, 60 60 Youe 670,000 2,500
Crossvise 0.12; 2 g0 | o, 2,283 60 gﬂj ; Yore 520,000 2,200

Tubbe; Langthwi 0.076 2 L5400 . , 00 100 None 12,000,000 | 17,
Poene Gmem | agE |l amaln | R gm0 1| G| B 4
Langthwisne® | O, 2 5,000 , »700 & 55 X 12,000,000 14,000

Low-density balss {Lengthwise D.gg 2 —— e LAty Z’ ¥one — 130,

Lengthwise 0. 2 — —— 700 70-7P0 1 P —— 150,

Langthwine 0.093 3 195,000  [18%,000-810,000] —== — 7 M 20 000,000

High-densit ba.:lul-enathﬂ 0.1 — — 2 2, 1504 ,050 P — 100,000
girdesity Lengthwiss o.agr % — — u:gg E:lmo-s,m & P —_ 1000
I.nngthﬂte 0.28 680,000  [540,000-720,000{ 5,260 +960-5, 550 7 x 31,000, 000 67,000
Olase Lengthwise | 0.16° 2 —_— —_— 105 . 100=110 7 3 — 4,100

I)jidapsn Iosding; hamd motion adjuwsted to produce 0,006 to 0,012 in,/in./min. strain rate
Tor extreme fibers at midspan.

2p w 2 by 1 by 1/B in. plywood block; M = 2 by 1 by L/% in. methyl metbaocrylate resin.
3pensity of compression test speoimen.

*gpecimens taksn from two diffsrent blocks of material

* Bpecimens daken from a different blook of muterisl than others.

“Strain rate 0,002 in./in./mdn.

TRangs 0.14 0 0.22.

* Range 0,16 w0 0.27.
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TABLE X,~ FLATHISE CCMPRESSION DATA FOR LOW-DENSITY MATERTALS

Bffective compressive ta
Dencity | ¥umber of] modulug of elastlelty® Spharical of head
' average gpeci- Average Rangs head used | motion
Material (gf e nens? (1b/in.? (1b/in.?) (1n./min)
Cellulose 0.039 3 3400 3300 to 3500 Yes 0.05
acetate .088 6 3300 2400 to 4L0O ¥o .05
Polystyrene ,01.83 3 300 280 to 310 Yes .1
.0190 5 igo 110 to 560 ¥o .1
Zoin 169 % 570 500 to 640 Yes .1
.180 2 %70 260 to 680 Ko .1
Uroa— .
formaldehyde 037 1 30 Yes .2
Hard rubber 071 3 400 360460 Yos .1
072 2 F40 370-710 Ho .1
Balee,
low-density .070 3 1400 1200 to 1600 Yes .05
077 2 1500 1300 to 1700 No
Balas, A7 3 15,000  [12,000 to 18,000 Yes .05
high~demeity .22 3 34,000 27,000 to 38,000 Yo .05
Glass L1605 3 ca. KOOQ ¥o .05

ASpecimens were 3 by 3 in. by the thickness of the sheet except for the balsa épeci—-'
mene, Which were 1 in. thick with planed faces,

®Based on compressive deformation as indicated by change in distance between the fop

and bottom bearing blocks.

obtaln the modulus.

The slope of the straight pbrtion of the graph was used %o
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TABLE XI.- EDOEWISE COMPRESSION DAfA FOR LOW-DEHSITY MATERIALS

‘ Metaxial
Celluloss acetats

Polystyrene,

Zoln .

Hard rubber
do.

Low-density balsa
* “do.
High dmsd:ty balaa

- do.
do.

Comprascive

I . Effective Comprossive ) Rate- of
Direction 2?11:1. No. of odulug of Elasticity’ | Lk a Strﬂ'g‘ Spnerzlgn Hond
Speai-~ _‘H—%t‘\ - B Hi
| ooting | (ead) | “mened (371322 (1b/102) 1b/122 2) Deed | (in./min.)
nwiae | 0.08% | 250-500 ca. 10 to 203 . | 0.1
_mu: -1.0.079 3 %38 zso-goo os. 10 to 20° ¥o 0.1
] hwi 0.0 700 1 16-17 ¥o 0.2
Grosieise” | Gio13" || 3 B BB 1 1k T - 0.2
Lengthwise | 0.016_ 2 790 660-920 35 32-37 Yeos 0.1
Lengthwl 0.081 2 ,500 &00-3,900 1-54 Fo 0.2
Crocemize. 0.079 3 - z,zoo . ;:900-3:500 g Es-; Ho 0.2
Lengthwi 0.0 ,000 68,000-138, 000 60 500~ Yeos 0.
2 * o G;% H 1z§,ggg 13?000-1 6,0 ZZ% : #o Xo g.é
sswioe . . 2700 a8 .
. 0.073 3 3,500 , 5, i : 31-12 Fo 0.
Lengthwi 0.26 g — —_ ' 200-3,500 B o,
o 0.32 5 750,000 | 690,000-%10,000 2;83 a:mz.gm Tr: && tgo.aoafg.oou
' 14}
Orosswiss | 0.21, 20,000 | 12,000-32,000 150-300 Yo» 0.
'dn. 0.18° 3 20,000 | 14 000-27, 130’ 128':250 ¥o [ o.g

Speciaen
Haight

PR RN RN R W R
»

lSpaoimens ware geometrically similar wiih height mnd width each equal to twice
the thigkness.

*Busmed on comprasuive deformation as indioated by ohange in distance between top
. and botton bearing blooks. The slops of the straight portion of the graph
was used to obtain the modulus.

gtress-strain dagrem does not become qnito horilontal. so thess values are not
¥ield siress in the ideal sense.

‘Range 0.067 to 0.059
*Hangs 0.17 o 0.27
*Range 0.16 to 0.2p

"Dial gages graduated to 0,0001 inch used for indioating distanoe betwesn bearl.ng
blocl:s in this test.
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NACA TN No. €21l
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Figure 1.~ Schiefer compressometer used for measuring
dimensions of low-density materials. Spec-
imen is polystyrene.
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Figure 3.~ Flexure speclmen of hard rubber in place ready for testing.
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NACA TN No. 991 Fig.

Figure 4.- Compression test bearing blocks equipped with
brackets to which Southwark-Peters plastics
extensometer can be attached.



NACA TN No. 9¢€l _ Fig. 5

Figure 5.- Specimen of polystyrene in place for flatwise
compression test. Aluminum alloy spherical bear-
ing head on top of specimen.



. 3 i - B —_— o e T

FiguTe 6.- Specimen of balsa wood in plade for edgewise com-
pression test. High magnification extensometer,
Model PS-8, is attached. i



Iil-lilll: Am;. l‘ij-l— ' !Iidh-n--— e
Figure 7 (a to o).- Bainplea of low-density materials after 2 months

outdoor exposure, March 15 to May 15, 1944, in
"Washington, D.C. A, glass; B, hard rubber; C, zein; D, polystyrene;
E, cellulose acetate; F, low-density balsa. .
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Figure 7.- (Continued).
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NACOA TN No.

2991

Fig.

7e

Figure 7.- (Concluded).



N e L L TR

Figure Ba,b,- Samples of low-deneity materials after 7 months
outdoor exposure, March 15 to October 14, 1944,

in Washington, D.0. A, glass; B, hard rubber; O, zein;

D, polystyrene; E, cellulose acetate; F, low-density balsa.
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Figure 8.~ (Concluded).
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NACA TN Ndi b9l
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- Fig. 9

)

|
Hard rubber |

Lengthwise specimen Crosswise specimen
Depth 0.99 in. Depth 0.9Y9 in.
Width 1.99 in. Width 1.98 in.
Span 7.00 in Span 7.00 in.

Load, 1b

/ ~—a! 0,20 in., (=— /

10

Deflecpion

Figure 9.~ Typicael flexure load-deflection curves obtained

with an automatic recorder.



Qoapresaive atrean, pail

/Hi;u.r-_denaity balaa

180
Oellulaose acetats
. /1 [T '
140 //
120 /
100
3 / Low-doumity bales

i
]

/ . Zein

2 /] = Hard rpbber
s
. Polystiyrens
Urn—folmldohtle
4_/ I
[v] .08 04 .08 .08 .10 .13 14 .16 ° .18 .30 .28 .34 .28 .48 .80 .33 4

Compreasive strain, iun./in.
Figure 10.-~ Average flatwime compressive stress—-strain ounrvas for low-denslty materials,
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High-density balsa,
orasawise )

T

200

pr] > ol
g8 B B

Conpresaive streey

3

40

Low-density balss,

6u-prni1n skrain, in.fin.

ecrosayise

r'

/\__g Bard rubber
Ssin
e
/// Onllnl?ll agekate

L Se— l

.03 Ok 08 08 .10 .18 14 218 .18

Conpressive stress, pai

o

(

- T T
Eigh-density balsa,
/\ lengthwine
2800 —
20
2000
1800 }
1200
Low~2mmeity balaa,
langthwise
800
e
- pd

.

004

.008 .018 018 080
Oonpresnive sirsin, ia./in.

Figure 11.-~ Average sdgewise oompresalva acress-atrain outves for low-density materials.
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A 100 /
! /
a
50
— 0.0 1n, [—
Daformation
Folystyrene
160 — ——
__,_-—"-"_' 2l 1
100 / /"
1 H] 3
0]
—»f 0,05 in,
Deformation

- L

Figure 13.- Typloal flatwise-compression load-dsformation ourves obtained with un mitomatio recorder. Bpoolmens 3-o0y ¥-br 1-1inch wers towted

using a spherical hesd,

Losd, Ib

11

1000

200

Low-density balaa

1

W,

—» 0.06 in, pp—
Daformailon
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180 I
. Hard rubber
100 T
Hh"‘!——_‘
‘\\—.‘q—‘_\
80
1 3
80
40
i3
(o]
§ BO
a —3 0.06 in. [
Deformation
Polyatyrens
40
A/
{
1 3
20 /
10 /
- 0.06 in, p—
JIJo’fomt:lmI:

Figure 13,- Typioal
e head was

sdgowiss-oonprassion “losd-deformation ourvas obtnnnd with an sutomssic recorder. Bpscimens 3-by 2-by 1-inch wera tssted; a sphariosl
used only for the low-density balam, which was tested orozawise,

Load, 1b

880

20
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Low-denaity 'bales
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